shows the liquid velocity proflle at the half thickness of the mold. When no gas is blown into the immersion nozzie, the liquid jet from the spout of the immersion nozzle becomes horizontal and im* pinges on the narrow face, and the jet is thus separated into ascending and descending flows along the narrow face ( Fig. 5(a) ).
When the gas is blown into the immersion nozzle at a low feeding rate, the liquid jet from the spout tends to be carried to the liquid surface by the buoyant force of the gas bubbles, then descend along the narrow face (Fig. 5(b) 220 mmt x 1 500 mm"
3.
Fluid flow pattern in the mold. The density of liquid is constant in the bubble dispersion zone, although the liquid is subject to a buoyant force proportional to gas holdup. (3) The diameter and slip velocity of the gas bubbles are constant in the system. (4) Turbulent kinematic viscosity, ,Jt, is estimated by the k-e two-equation turbulent model. (5) The effective diffusivity of gas holdup, D~, is identical with the effective kinematic viscosity of the liquid,~, ., under the condition that turbulent Schmidt number is one.
The following fundamental equations, Eqs.
(1) to (5) , were obtained using the above simpliflcation. Eqs.
(1) and (5) are equations of the continuity of the liquid and gas, respectively, while Eqs. (2) to (4) 5(a) ), and do not agree with the observed results with gas blowing (Fig. 5(b) ).
On the other hand, the results calculated with the bubble dispersion model (Fig. 7(b) ) agree well with the observed results for gas blowing (Fig. 5(b) ).
It is thus clear that, an analysis of fluid flow in an actual operation cannot ignore the buoyant force of gas bubbles, and hence requires the use of a bubble dispersion model, because gas blowing into the immersion nozzle is essential to prevent nozzle clogging. Turbulent kinematic viscosity shows large value near the spout of immersion nozzle and at the narrow face of mold where the liquid flow reflects. Fig. 9 shows the distribution of local gas holdup calculated using the bubble dispersion model, which agreed well with the observed results (Fig. 3) 
